The purpose of this study is to examine the acute effect of sparring training model on liver enzymes and muscle damage in boxers.14 voluntary athletes engaged in box (23.71±1.44 years of age; 167±5.89 cm; 62.05±8.89 kg) participated in the study. Sparring training model composed of warm-up (25 minutes), main part (30 minutes) and cool-down (15 minutes) exercises was applied to the boxers. The main theme of the study is composed of the free sub-stroke sparring training model in the liver region. Sparring training applied in the liver region and consisting of 3-minute time periods was repeated 3 times with a 1-minute interval as in the punch bag training. In venous blood samples taken from the study group before and after sparring training, AST, ALT and GGT enzyme activities and CK and LDH levels were analyzed with the spectrophotometric method in Beckman Coulter AU 5800 auto analyzer. Data were analyzed in SPSS 22.0 package program. The significance level was accepted as p<0.05 in statistical evaluations. Normal distribution of data was determined with Shapiro-Wilk test. Paired t-test was used in the statistical analysis of normally distributed data. Comparing AST, ALT, GGT, LDH and CK values of boxers before and after the training, it has been observed that there is a significant increase in AST, LDH and CK values after the training (p<0.05) and significant decrease in GGT values (p<0.05) while there is no significant difference in ALT values (p>0.05). In conclusion, it has been determined that sparring training model applied to boxers affects liver enzyme levels in them and significant increases occur in CK and LDH. More comprehensive prospective studies are required in order to establish the possible damage of punches to the liver region on liver in boxers.
Introduction
Boxing is a martial art with two distinct styles namely amateur and professional in which two people wearing gloves fight with each other with blows according to certain rules El-Ashker S, & Nasr M (2012) .This sports, which has millions of spectators, increases its popularity day by day because of its high taste of watching. In contrast, boxers receive punch strokes in their heads or liver areas during training and in competitions. It is known that these blows reveal a wide spectrum of causes from various fractures, injuries, permanent injuries, and even to deaths due to their acute or chronic effects (Kelestimur et al 2004; Zazryn TR, Finch CF, McCrory PA,2003; 3Kraemer WJ, Ratamess NA. 2005) .
Boxers have often had to quit training or competition because of these strokes. This situation affects the general health status of the boxers and accordingly affects their sports performance negatively (Tanriverdi et al, 2007; Kaynar, Erbay and Gültekin, 2007) . In fact, it has been reported that there are cases of death in boxers due to liver failure arising from the chronic effect of the punches in the liver area (Sinan Şamil Şam Neden Öldü, 2019) Alanine amino transferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) and gamma glutamyl transpeptidase (GGT) are the enzymes commonly used in the detection of liver damage (Karaciğer Enzimleri, 2003; Brooks, Fahey, Baldwin, 1995) . Exercise is known to cause muscle damage at different levels. Muscle injury is a condition that causes muscular exhaustion, loss of function, weakness and pain after unusual and severe exercises. Creatine kinase (CK) and lactate dehydrogenase (LDH) are considered to be a specific indicator of muscle damage destruction. It has been reported in many studies that high-intensity exercises increase liver enzyme levels and muscle damage (Chevion, Moran and Heled, 2003; Hazar, 2004) .
Especially after heavy and strenuous exercises requiring high strength, AST and ALT elevates in liver and CK and LDH levels elevate in blood (Amat et al.2007; Kraemer, Kilgore, Kraemer and Castracane,1992; Nathwani, Pais, Reynolds & Kaplowitz,2005) . In the literature studies, many biochemical parameters about liver enzymes and muscle damage before and after training were investigated in boxers (Ayhan et al. 2017; Tırabassı, Lucianne, Morteza, 2018; Baygultalp et al 2016) .
However, no studies have been found to investigate the acute effect of punch strokes thrown at a specific time and intensity to the liver region. However, what the impact of a series of punch strokes in the liver area in a short period of time can cause on the liver and how these punch strokes can cause damage to the liver in the following years is very important in terms of the health and performance of athletes.
For this reason, this first study in literature aims to investigate the acute effect of sparring training model which is specific to liver region on liver enzymes and muscle damage in boxers.
Methods

Research Ethics Committee Report
This study was carried out with the research group below after taking the consent of the participants and approval of the Scientific Research Ethics Committee of Atatürk University Faculty of Medicine dated 04.10.2018 and numbered B.30.2.ATA.0.01.00 / 279.
Research Group
The research group is composed of 14 voluntary boxers doing sports actively. Through the Informed Consent Form (ICF), the volunteers of the study were informed about the content of sparring training model verbally and in written. The study was initiated after taking the approval of volunteers.
Exercise Protocol Sparring Training Protocol
Sparring training protocol is composed of warm up (start), main part and cool down (finish) sections.
Warm up (start) (25 minutes):
In the first and last 5 minutes of the warm-up section, the participant boxers were requested to perform aerobic running at 50% intensity. Between runs, the participant boxers were applied isometric, isotonic, mobility and stretching exercises for the lower and upper extremities, waist and neck region and joints and muscle groups in order to minimize the risk of possible injuries to occur in the main part of the training session in boxers (Baltimore, Williams and Wilkins, 2005; Pollock, Gaesser, Butcher,1998; Coyle et al,1984) and double, triple and quadruple combined fist exercises in front of the mirror in accordance with the theme to be applied in the main section.
Main part (30 minutes):
The exercise of punching the bag composed of 3-minute time periods was applied 3 times and 1-minute rest was allowed between each of 3-minute exercises. 8-minute of active rest was allowed after punching the heavy bag. During the active rest period, boxers were matched by age and weight categories. Following the rest, a free sub-stroke sparring training method was applied to the liver region, which constitutes the main theme of this study. Sparring training in the liver region consisting of 3-minute time periods was repeated 3 times with a 1-minute interval as in the punching bag study.
Cool down (finish) (5 minutes):
In the last part of the training, the movements in the warm-up section for the joint and muscle groups, mostly stretching practices were made after the aerobic running at 40% intensity for 5 minutes.
Taking the Blood Samples from Athletes and Biochemical Analysis
Blood samples were taken from antecubital region twice before and after the training in order to determine the liver enzymes (AST, ALT and GGT) and muscle damage (CK and LDH) values from the study group. After the first sample was taken by professionals from the athletes in a sitting position after allowing 5-minute rest before the exercise, the second sample was taken into the biochemistry tube after the main part of the training. Blood samples were centrifuged at 3000 rpm for 10 minutes to separate serum. In serum samples, the liver enzymes of ALP, AST, ALT and GGT were analyzed with spectrophotometric method in Beckman Coulter, AU 5800 analyzer. CK and LDH enzyme activities of centrifuged blood were measured with calorimetric method in Roche elecsys E-170 device by using a Roche brand commercial kit.
Statistical Analysis
Data were analyzed by using SPSS 22.0 package program. The significance level was accepted as p<0.05 in statistical evaluations. Shapiro-Wilk test was used to determine the normal distribution of data. Paired t-test was used in the statistical analysis of normally distributed data. Table 1 shows the information about the sports duration of boxers with the mean scores of 17.86 ± 5.60 age (years), 173.64 ± 10.08 height (cm) and 63.86 ± 11.57 weight (kg). 
Results
LDH= Lactate dehydrogenase, CK= Creatine Kinase
Comparing the AST, ALT, GGT, LDH and CK values of boxers before and after the training in the findings of the study, it has been determined that there is a significant increase in the values of AST, LDH and CK (p<0.05), there is a significant decrease in GGT values (p<0.05) and there is no significant difference in ALT values (p>0.05).
Discussion
AST, ALT and GGT are the biochemical markers used in ascertaining liver damage and LDH and CK are frequently used to determine the damage in the muscle (Gomez-Cabrera et al, 2008; Brown,Day and Donelly,1999) Liver enzymes and muscle damage vary according to the type, duration and severity of exercise (Farrell, Garthwaıte, Gustafson, 1983; Hyatt J PK, Clarkson,1998) .
The findings of our study indicate that there is a significant increase in AST, LDH and CK values after the sparring training in boxers (P<0.05), there is a significant decrease in GGT values (P<0.05) and no significant difference exists in ALT values (P<0.05).
An increase in intensity and duration of exercise is known to elevate ALT and AST levels in general terms, Rosmarın, (Beard and Robbins, 1993 ).
An increase has been observed in GGT and AST values after the competition in athletes running marathon while GGT values have decreased 6 hours after the competition and AST values have increased even after 24 hours (Çakmakçı and Pulur, 2008) . A significant increase has been ascertained in AST and ALT levels of professional cyclists after 234 km of race (Mena, Maynar, Campillo,1996) , liver enzymes have been elevated after the intense training in long-distance runners (Morris, Nevill and Williams,2004) and weightlifters (Paolisso, Giuseppe, et al ,1997) compared to pre-training period.
It has been reported in many studies that heavy and strenuous exercises increase liver enzyme levels and muscle damage. In the study of (Özkan et al, 2014) performed on wrestlers, a significant increase has been stated in CK and LDH enzyme activities while AST and ALT values don't differ significantly. In a similar study analyzing the exercise dependent muscle damage, a significant increase has been found in CK, LDH, AST and ALT enzyme activities (Clarkson, 2006) .
In the study of Kaynar et al (2016) , kickboxers have done a training match for 2 minutes equivalent to a kickbox match composed of 3 sets (1-minute rest in half-time) after they have been applied 40 minutes of warm-up exercises, stretching movements and 50 minutes of technical and tactical training. Afterwards, it was stated that there was a significant increase in AST, ALT, ALP and GGT values after the training and this increase may be caused by the effects of punches or kicks to the abdominal region during the match on liver region. In another study by Kaynar (2018) , a significant increase has been recorded in AST and ALP values but no significant difference has been stated in ALT and GGT values after a 3-minute training match equivalent to a wrestling match composed of 2 sets (30 sec. rest in half-time) following 30 minutes of mild running, warm-up and gymnastic movements and 25 minutes of technical practices of wrestling applied to wrestlers (Kaynar, 2018) . They have argued that wrestlers' falling sharply on the ground during training or competition and the pressure applied on the abdomen in the "gut wrench technique" might cause elevation of liver enzymes.
In a study conducted on elite volleyball players, LDH plasma levels have been stated to significantly increase after training when comparing pre and post-training values Ji-Qing (2013) . In a study performed on distance runners, blood samples taken before 3000 m test running and after 1.4 and 24 hours have been compared. LDH and GGT have been found to be significantly elevated 1 hour after the 3000 m test run and AST and ALT levels have significantly increased after 4 hours. All parameters have been observed to fall to the pre-exercise levels 24 hours after the test (Güreş, 2009 ).
The fact that the damage in liver and muscle differs by the type and intensity of the exercise done [10] shows similarity with the findings of our study. In fact, it is thought that both AST, ALT and CK and LDH enzymes increase in muscle and liver not because of the attributes of exercise but due to the fact that punches to the liver region cause muscle and liver damage and as a result, enzyme activities elevate as understood from the kickbox athletes Kaynar et al (2016) , and wrestlers (Kaynar, 2018) .
As a result of the sparring training program applied to the boxers, it has been observed that liver enzyme levels are affected and CK and LDH being a marker of muscle damage significantly increase. More extensive prospective studies are required in order to detect the damage caused by punches to the liver region in the liver.
